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Generation of pH gradient across the rabbit collecting duct segments
perfused in vitro. Ability of pH gradient generation was examined in
three segments of rabbit collecting duct, cortical collecting duct (CCD),
outer medullary collecting duct (OMCD) and inner medullary collecting
duct (IMCD). These segments were perfused in vitro, and the
steady—state luminal pH in stop—flow condition (pH) and the electro-
chemical potential difference of H (EH) were determined using
double—barreled liquid membrane pH microelectrode punctured into
the lumen. In CCD, pH, was 7.71 0.08 in normal rabbits, 7.72 0.08
in DOCA—treated rabbits and 7.27 0.05 in starved rabbits, while
peritubular fluid was kept at pH 7.5. EH (positive value means H
accumulation in the lumen above electrochemical equilibrium) was
—15.3 5.2, —31.3 3.7and 10.3 3.1 mV, respectively. Peritubular
acidification (peritubular pH 6,8) by reducing HCO3concentration
decreased pH, but increased its negativity of EH in all groups. In
OMCD pH, was 6.57 0.08 in normal, 6.58 0.11 in DOCA-treated
and 6.47 0.12 in starved animals. EH was 54.5 4.6, 57.7 6.8 and
64.2 6.9 mV, respectively. Peritubular acidification lowered pH,
further, 5.51 0.07, 5.67 0.16and 5.41 0.19, respectively. EH was
enhanced in all groups. In IMCD pH, was 7.36 0.04with EH being 6.8
2.9 mV, and peritubular acidification did not generate pH gradient.
These data suggest that the generation of a steep acid pH gradient is
mainly due to OMCD. Luminal alkalinization predominated in CCD
except in starved rabbits. IMCD did not generate appreciable pH
gradient. The acid pH gradient in OMCD was enhanced by acute bath
pH reduction, but not affected by chronic metabolic acidosis or
mineralocorticoid pretreatment. Thus rabbit collecting ducts have dis-
tinct axial heterogeneity in the formation of pH gradient.
Acidification in the distal nephron is unique in that a steep
transmural pH gradient is established. This pH gradient is
crucial for the net acid excretion (formation of titratable acid
and trapping of ammonia) in the final urine. Previous micro-
puncture studies [1, 2] have shown a fall in pH between late
distal tubular fluid and final urine indicating that it is the
collecting duet where the transepithelial pH gradient is gener-
ated and maintained.
The mammalian collecting duct is divided into three seg-
ments, namely, cortical collecting duct (CCD), outer medullary
collecting duct (OMCD) and inner medullary collecting duct
(IMCD). Accumulating evidence has demonstrated that there
are numerous functional differences in these three segments.
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Regarding acidification, CCD has been shown to possess both
properties of H and HC03 secretion [3] although the magni-
tude of acidification rates (determined by HCO3 absorption
rates) was small. OMCD has been regarded as the most
important segment for acidification in the distal nephron be-
cause of its higher acidification rates [4]. IMCD was also shown
to have some acidification ability [5].
Despite the demonstration of acidification ability in all these
segments, it is not well known how much transepithelial pH
gradient is generated in each segment. The present studies were
designed to determine the extent to which in vitro perfused
rabbit CCD, OMCD and IMCD could generate the transmural
pH gradient. We also examined whether acute reduction in bath
pH, and chronic DOCA treatment or starvation of rabbits from
which the tubules were obtained could affect this pH gradient
generation. Our results showed that CCD alkalinized the lumen
relative to the bath in normal and mineralocorticoid treated
rabbits, possibly by HC03 secretion. IMCD did not generate
appreciable pH gradient. Only OMCD generated a steep pH
gradient. The acid pH gradient in OMCD was enhanced by
acute bath pH reduction, but not affected by mineralocorticoid
pretreatment or chronic metabolic acidosis.
Methods
Isolated segments of rabbit CCD, OMCD and IMCD were
dissected and perfused according to the standard perfusion
technique [6] with slight modification [7]. Briefly, CCD, OMCD
(inner stripe) and IMCD (middle of inner medullary collecting
duct) were dissected in cooled (4°C) control solution that
contained (in mM) NaCl, 120; NaHCO3, 25; Na acetate, 10;
KC1, 5; CaCI2, 1; MgSO4, 1.2; glucose, 5.5; Na2HPO4, 2.5.The
solution was gassed with 5% C02195% 02 and used as bathing
and perfusing solutions unless otherwise specified. After dis-
section, the tubule was transferred to the bath. The bath volume
was reduced to 0.1 ml to achieve a rapid bath exchange. The
tubule was suspended between the perfusion and the collection
pipettes (Fig. 1). The pipettes for IMCD perfusion were ad-
justed to the larger outer diameter (90 lsm) of the tubule. Each
tubule was perfused and bathed initially with the control
solution for a 30 to 60 minute equilibrium period before study.
To maintain bath pH and temperature constant, preheated
(38°C) bathing fluid was continuously perfused through the bath
at 4.5 mi/mm. Bath pH was monitored during the experiment by
placing a commercial glass pH electrode (MI-506, Microelec-
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trodes, Londonderry, New Hampshire, USA) close to the
tubule. Low HC03 solution (HC03 5 mM) was made by C1
substitution, and was used as an acid bath solution.
The double—barreled pH microelectrode was used to measure
the luminal pH. Details of the construction of the pH electrode
were described elsewhere [7]. In brief, double—barreled pH
microelectrodes were made with double—barreled borosilicate
glass tubing of unequal diameter. The larger barrel (1.5 mmOD,
0.87 mm ID) was used for the pH electrode, while the smaller
one (0.75 mm OD, 0.35 mm ID) was used for the reference KCI
electrode. The tip was fabricated on a horizonatal microelec-
trode puller, and the inside of the larger barrel was exposed to
the silane vapor for 80 to 90 seconds. After 12 hours of baking,
the H ligand [8] was injected into the silanized barrel and the
rest of the capillary was filled with a buffer solution (0.04 M
KH2PO4, 0.023 M NaOH, 0.015 M NaC1, pH 7.0). The reference
barrel was filled with 0.5 M KCI. Ag/AgC1 wires were inserted
into the barrels and connected to an electrometer. A bath
reference electrode was an Ag/AgCl half—cell connected to the
outlet of the bath fluid by a 3 M KCI large tip electrode.
Preliminary calibration study of the double—barreled pH elec-
trode was performed to check the capability of this H ligand to
measure low pH values. The calibration solutions were made by
the same control solution used in the experiment and titrated to
various pH's with I N HC1. These calibration solutions were
then warmed to 37°C and bubbled with 95% 02/5% CO2. The pH
of each calibration solutions was also determined with a glass
pH electrode at 37°C. Electrodes calibrated in this manner gave
linear voltage responses of 56.8 1.5 mV/pH between pH 7.5
and 5.8 and 70.9 4.8 mV/pH (N = 3) between pH 5.8 and 4.5
(Fig. 2). This result was consistent with previous reports [8, 91.
Calibration of pH electrode was performed immediately after
the each luminal pH determination [7]. A mean response of pH
microelectrodes used in this study was 55.9 0.5 mV/pH (N =
61) between pH 5.8 and 7.5, and 74.7 2.5 mV/pH (N = 28)
between pH 4.5 and 5.8.
The pH of the luminal fluid was measured by puncturing the
pH microelectrode into the lumen (Fig. 1). The punctured site
was more than 400 tm distant from the perfusion pipette in
CCD and OMCD (total tubular length were longer than 800
sm). In IMCD total tubular length were 400 to 600 pm and the
punctured site was about 200 pm away from the perfusion
pipette. Using the pH microelectrode which has been success-
fully applied to the intracellular pH measurement [7] made the
fluid and electrical leak as small as possible. A falsely alkaline
pH
Fig. 2. Calibration curve of pH microelectrode. Straight responses
were observed between pH 4.5 and 5.8, and between pH 5.8 and 7.5.
Calibration solution was the same control solution used in the expen-
ment and titrated to various pH's with 1 N HCI, then warmed to 37°C
and bubbled with 95% 02/5% CO2.
pH was observed when the electrode tip touched the luminal
wall. Accordingly, efforts were made to keep the electrode tip
in the center of the lumen by direct visualization at x 100
magnification. After positioning the electrode, luminal flow was
stopped by obstructing the distal end of the tubule with a glass
stick which was advanced into the collection pipette (Fig. 1).
The fluid reservoir of luminal perfusion line was kept as low as
possible to prevent the overdistension of the lumen, usually 1 to
5 cm above the bath fluid level. The changes of luminal pH and
transepithelial voltage (Vte) were continuously recorded on a
two—pen chart recorder (R-20, Rika Denki, Tokyo, Japan) until
steady state values were reached. Then, the bath fluid was
changed to an acid solution, and the recordings were further
continued until a new steady state was observed.
To analyze whether the observed luminal pH was in electro-
chemical equilibrium of H, the transepithelial electrochemical
potential difference of H (EH) was calculated as,
EH = Vte + RT/ZF (In Hlumen/Hbath)
Where Hiumen and Hbath are H concentrations in the lumen and
bath, respectively, and R, T, Z and F have their usual mean-
ings. A positive value of EH indicates that H accumulates in
the lumen more than equilibrium.
Collecting duct segments taken from three groups of rabbits
were studied. Normal rabbits did not receive any pretreatment.
DOCA rabbits received daily intramuscular injections of deoxy-
corticosterone acetate (DOCA) at a dosage of 5 mg for seven to
14 days. Starved rabbits were deprived of food for one to three
Reference
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Fig. 1. Perfusion arrangement for the measurement of luminal pH in
stop—flow condition.
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days to induce metabolic acidosis [101. In most rabbits urine
and blood pH or HC03 were measured in the samples obtained
anaerobically by puncturing bladders and hearts, respectively.
The data are expressed as means SE. The paired or
nonpaired Student's t-test was used to determine statistical
significance (P < 0.05).
Results
Normal and DOCA treated rabbits gave alkaline urine: pH
8.16 0.06 (N 15) and 8.02 0.07 (N 8), respectively,
whereas starved rabbits gave acidic urine: pH 5.22 0.18 (N
14). The blood HC03 were 23.4 0.9 (N = 15), 26.1 2.2 (N
= 5), and 17.1 0.8 mM (N = 14) in control, DOCA treated and
starved animals, respectively.
Steady—state luminal pH in collecting duct segments of
normal rabbits
This protocol was designed to determine the maximum pH
gradient which collecting duct segments could generate. For
this purpose the steady—state luminal pH in stop—flow condition
(pH) was measured (Discussion). Representative tracings of the
experiments are shown in Fig. 3. When the luminal flow was
stopped, the luminal fluid was alkalinized in CCD. Following
the bath pH reduction to pH 6.8 by lowering HC03 concen-
tration, the luminal pH was acidified. However, it was still
alkaline to the bath. In sharp contrast to CCD, the luminal fluid
of OMCD was acidified on stopping the luminal flow. The
luminal fluid was further acidified in response to the bath
acidification. IMCD acidified the luminal fluid slightly. Sum-
mary of pH data in the control bath condition (pH 7.5) are
shown in Fig. 4 and Table 1. In CCD pH was slightly alkaline
as compared to the bath pH (7.71 0.08 vs. 7.54 0.02), but
the difference was not significant. EH value was —15.3 5.2
mV (significantly different from zero, P < 0.05) indicating that
the luminal H is less than the electrochemical equilibrium. In
OMCD, on the other hand, pH was always acidic to the bath
pH. The mean pH was 6.57 0.08, whereas the bath pH was
7.48 0.02 (P < 0.001). EH was positive (54.5 4.6 mV) which
indicated that W accumulated in the lumen against an electro-
chemical gradient. The pH in IMCD was not significantly
different from the bath pH (7.36 0.04 vs. 7.48 0.02), and EH
(6.7 2.9 mY) was not significantly different from zero.
Effect of mineralocorticoid and starvation on steady—state
luminal pH
The effect of mineralocorticoid (DOCA) treatment on pH
was examined in CCD and OMCD (Table 1, and Fig. 5). The
measured pH in CCD and OMCD from DOCA treated rabbits
were not different from those measured in normal rabbits. In
CCD of DOCA treated rabbits, Yte became more negative than
that of normal rabbits (—19.3 3.0 vs. —5.3 1.1 mY, P <
0.01). In OMCD, DOCA treatment did not change Vte appre-
ciably (2.1 0.5 vs. 3.8 0.7 mV). As a result, EH of CCD was
more negative in DOCA treated than in normal rabbits (—31.3
3.7 vs. —15.3 5.2 mY, P < 0.05). EH of OMCD was not
affected significantly by DOCA treatment.
Effect of metabolic acidosis in vivo on pH in vitro was
examined. A previous study has shown that rabbits deprived of
food for one to three days developed metabolic acidosis with
marked fall in the urine pH [101. Therefore, we studied CCD
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Fig. 3. Representative tracings of luminal pH of CCD, OMCD and
IMCD during the experiment. The luminal perfusion was stopped and
bath pH was reduced as indicated.
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Fig. 4. Steady—state luminal pH in stop—flow condition (pH) and
transepithelial electrochemical potential difference of H (EH) of CCD(N = 12), OMCD (N = 12) and IMCD (N = 5) of normal rabbits.
Horizontal line indicates the mean bath pH. Values are means SE.
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Table 1. Effect of bath pH on steady—state luminal pH (pH,), transepithelial voltage (Vte) and electrochemical potential (EH) in collecting
ducts of different groups of rabbits
bath pH pH,
V
(mV)
EH
(my)
CCD
Normal 7.54 0.02 7.71 0.08" —5.3 1.1" —15.3 5.2"
N = 12 6.83 0.03a 7.43 0.09 —4.0 0.8 —41.0 6.2
DOCA 7.52 0.03 7.72 0.08" —19.0 30b —31.3 37C
N = 8 6.82 0.02k 7.56 0.09 —16.4 3.0c —61.4 47c
Starved 7.54 0.02a 7.27 0.05" —6.3 1.2 10.3 3.1Ic
N = 8 6.90 0.02 6.96 0.09c —5.0 0.9 —8.5 5.6'
OMCD
Normal 7.48 0,02 6.57 0.08" 2.1 0.5" 54.5 4.6"
N = 12 6.88 0.03 5.51 0.07 3.8 0.7 88.3 5.1
DOCA 7.49 0.02a 6.58 0.11" 1.7 0.6 577 68b
N = 10 6.85 0.02a 5.67 0.16 2.7 0.9 74.1 10.4
Starved 7.51 0.02a 6.47 012b 0.3 0.6 64.2 6.9"
N = 6 6.85 0.02a 5.41 0.19 3.2 0.9 91.9 12.4
IMCD
Normal 7.48 0.02 7.36 004" —0.3 —0.4 6.7 2.9
N = 5 6.77 0.03 6.77 0.02 —0.1 0.2 —0.3 0.3
Values are means SE.
a bath pH vs. pH,, P < 0.05
b control bath vs. acid bath, P < 0.05 normal group vs. DOCA or starved group, P < 0.05
and OMCD taken from starved rabbits. The results are shown
in Table 1 and Figure 5. In CCD metabolic acidosis decreased
the pH, below the bath (P < 0.01), and increased EH to 10.3
3.1 mV which was significantly different from zero (P < 0.01).
In contrast, metabolic acidosis did not alter the pH, and EH
significantly in OMCD.
Effect of acute bath pH reduction on steady—state luminal pH
The effects of acute peritubular acidosis were studied in
CCD, OMCD and IMCD. The results are summarized in Table
1 and Fig. 6. In CCD, pH, slightly but significantly decreased in
response to the bath pH reduction in each rabbit group. The
pH, values in acid bath were 7.43 0.09, 7.56 0.09, 6.96
0.09 in normal, DOCA treated and starved rabbits, respec-
tively, while the bath pH was around 6.85. Thus, pH, were still
alkaline to the bath in the acid bath condition. EH values
became significantly more negative on the bath acidification in
all three groups. In OMCD, the bath acidification greatly
decreased pH by approximately 1 pH unit in all three groups.
The responses were almost identical in all groups. Reflecting
these pH reductions, EH values became more positive. In
IMCD obtained from normal rabbits, the pH, decreased from
7.36 0.04 to 6.77 0.02 in response to the bath pH reduction.
EH did not change significantly (6.7 2.9 vs. —0.3 0.3 mY).
Discussion
The purpose of the present study was to compare the
generation of transepithelial pH gradient in three different
collecting duct segments. Many factors affect the luminal acid-
ification of the collecting duct. They include: 1) active H
secretion [11]; 2) HC03 secretion [3, 12, 13]; 3) passive H/
HC03 leak; 4) transport of other buffers including ammonia,
phosphate, etc.; 5) water absorption; 6) Vte [14]; 7) formation
and catalyzation of H2C03 (acid disequilibrium pH). In this
study, the contribution of 4) may be small. Our solutions did not
contain ammonium salt, and the endogenous production of
ammonia in collecting duct was small [15, 16]. Phosphate
transport in this segment was small as well [17, 18]. Due to the
low water permeability of the collecting duct, the transtubular
water movement may be neglected in the absence of vasopres-
sin [19]. Vte was measured simultaneously and this effect was
taken into consideration by calculating EH. Because the activity
of carbonic anhydrase in the luminal membrane of collecting
ducts is small [20], H secretion into HC03 containing fluid
will form an acid disequilibrium pH [21]. It is possible that our
measured luminal pH may or may not include this acid dis-
equilibrium pH. In this study the effort to determine this
component was not performed.
If we assume that the luminal pH is mainly determined by
factors 1, 2 and 3, then it is expected that the maximum pH
gradient would be generated when the contact time of luminal
fluid with tubular wall is prolonged. For this purpose, luminal
flow was completely stopped in this study. However, cautious
interpretation of pH, is required because the stop—flow proce-
dure might change the factors 1 through 7 directly or indirectly.
We regard pH, as the best estimate of the maximum pH
gradient which can be generated by the tubule.
Steady—state luminal pH in collecting duct segments of
normal rabbits
When the tubules were taken from normal rabbits, pH, was
close to the bath pH in CCD and IMCD, whereas it was acidic
in OMCD. Regarding CCD, slightly alkaline pH, with negative
EH value clearly indicated that H secretion was not dominant
in this segment. Instead, the data suggested the existance of
active base (0H/HC03) secretion. Previous in vitro micro-
perfusion studies have demonstrated that CCD secretes HC03
as well as H depending on the acid—base status of the rabbit
from which the tubules were harvested [3, 4]. Our normal
rabbits excreted alkaline urine (pH 8.16) which suggested that
Fig. 5. E and pH, of CCD and OMCD from each group of rabbits.
Symbols are: (0) control, () DOCA, and () starved rabbits.
our rabbit chow was alkaline, and the CCD was adapted for
alkali excretion. Koeppen and Helman [10] observed that a
minimum luminal pH in CCD from normal rabbits was more
acidic than the value predicted from the transepithelial voltage
and CO2 equilibrium. Discrepancy between their result and
ours is not clear, but there may be two possibilities. One is that
Koeppen's tubules were from a deeper portion of the cortex or
even partially within the outer stripe of the outer medulla. The
other is a technical difference (antimony vs. liquid membrane
pH electrode), and several limitations of antimony electrode
were known [22]
In OMCD, pH was lower than the bath pH by 1 pH unit with
a positive EH value. This result indicate the presence of active
H secretion in this segment. The result is consistent with
previous in vitro microperfusion studies where moderate
HCO3 reabsorption has been observed [4, 14, 23, 241. The
large pH gradient observed in this segment would primarily due
to a moderate H secretion, but the tightness of the epithelial
wall which prevents passive leaks may also play a role. It has
been reported that the transepithelial electrical resistance was
58,6 kohms cm in OMCD (inner stripe), whereas it was 14.7
kohms cm in CCD [25, 26].
IMCD did not generate an appreciable pH gradient. EH was
also close to zero, indicating a lack of luminal acidification in
this segment. This inability of pH gradient generation may be
explained in several ways: 1) This segment lacks H secretion;
2) the epithelial wall is highly permeable to H, leading to back
leak of H; 3) the coexistence of HCO3 secretion cancels H
secretion; 4) our experimental condition was not adequate to
elicit the acidification ability. At present, it is impossible to
Cont Acid Coot Acid Cont Acid
bath bath bath bath bath bath
OMCD
FIg. 6. Effect of acid bath in each group of rabbits. Symbols are:
normal rabbits (0-0), DOCA treated rabbits (•---•) and starved
rabbits (I--•).
distinguish these possibilities. A histological study [27] has
demonstrated the lack of the intercalated cell (regarded as a H
or HCO3 secreting cell) in the rabbit IMCD, implying that this
segment contributes little to the distal acidification. The studies
in the rat kidney, however, have shown that IMCD is able to
acidify the lumen [5, 28]. The discrepancy from our result may
be explained either by the species difference (IMCD of rat has
intercalated cells [29]) or by the difference in methodology (in
vivo vs. in vitro study).
Effect of mineralocorticoid
DOCA treatment did not alter pH in either CCD or OMCD.
In CCD, DOCA treatment significantly increased the negativity
of Vte, which was due to a stimulation of Na transport by this
hormone [30]. In spite of a favorable electrical gradient for H
secretion, we observed no change in pH compared to the
normal rabbit. This result indicates that a luminal alkalinizing
mechanism (HC03 secretion) was also stimulated at the same
time. Indeed, EH became more negative by DOCA treatment
indicating a enhanced HC03 secretion. The recent study by
Knepper, Good and Burg [12] has demonstrated the same
phenomenon. They further observed that the enhanced HCO3
secretion was normalized when the DOCA treated rabbits were
given NH4CI to prevent the metabolic alkalosis [31]. They
proposed the view that the stimulation of HC03 secretion by
mineralocorticoid is not due to a direct action of this hormone,
but rather due to the metabolic alkalosis which accompanies
mineralocorticoid excess. Our result is consistent with this
view.
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In OMCD we observed that DOCA treatment did not change
pH and EH. This observation may contradict to that of Stone et
a! [23] who showed that DOCA (pretreatment or direct addition
to the bathing fluid) stimulated HC03 absorption in in—vitro
perfused rabbit OMCD. One possible explanation for this
apparent discrepancy may be found in the study of the turtle
bladder where in vitro aldosterone treatment did not change the
maximum pH gradient generation, but enhanced the capacity of
H secretion [32]. If mineralocorticoid works in OMCD in the
same way as in the turtle urinary bladder, it is not surprising
that DOCA treatment did not change pH (our study) whereas,
it does stimulate HC03 absorption [23]. This interpretation
critically depends on the assumption that the backlead of H
and HC03 is negligible in OMCD and that pH represents the
maximum pH gradient which H pump can generate. Further
studies are needed to substantiate this assumption.
Effect of metabolic acidosis
Chronic metabolic acidosis induced by starvation generated
an acid pH with a positive EH value in CCD. This is in good
agreement with a previous report that only rabbits excreting an
acid urine are able to reabsorb HC03 in CCD [3, 4]. Thus,
CCD is capable of adapting to chronic metabolic acidosis.
However, it is not known whether this adaptation is due to an
increased H secretion or to a decreased HC03 secretion.
As was the case with DOCA, chronic metabolic acidosis
altered neither pH nor EH in OMCD. This is against an easily
conceivable thesis of the adaptation in acidification. This con-
tradiction may be again explained by the limiting pH gradient of
H pump. Chronic metabolic acidosis may not alter the maxi-
mum pH gradient generation, but may increase the capacity of
H pump. Previous results studying the effect of chronic
metabolic acidosis on HC03 reabsorption in the rabbit OMCD
are not consistent. Laski and Kurtzman [14] observed a rela-
tively high HC03 reabsorption in starved rabbits, and found a
good correlation between urine pH and HC03 absorption rates
indicating the adaptation in OMCD at least in terms of capacity.
On the contrary, Lombard, Kokko and Jacobson [4] observed
slightly decreased HCO3 absorption in NH4C1 fed rabbits,
although they questioned their results. Further studies are
needed to determine whether the capacity of H secretion is
enhanced in chronic metabolic acidosis.
Effect of bath pH reduction
Acute metabolic acidosis is a well known stimulus for distal
acidification [33]. As a simulation of acute metabolic acidosis,
bath pH reduction was performed in each group (normal,
DOCA, and starved). The bath pH reduction lowered pH in all
segments. However, analysis of the data showed the differences
in underlying mechanisms in each segment. In OMCD the
maneuver decreased pH, however, this pH reduction was not
totally explained by bath pH reduction because EH became
more positive. This result suggested that H secretion in
OMCD was highly sensitive to peritublar pH, which was
consistent with the study of Jacobson [24]. Our observation
suggested further that the ability of maximum pH gradient
generation is increased by peritubular acidification. Again,
qualitatively similar finding was reported in the turtle bladder
by Cohen and Steimetz [34]. They showed that the H pump in
their preparation is controlled more effectively by serosal pH
than by luminal pH. This response to acute alteration of
peritubular pH is in marked contrast to the lack of response to
chronic metabolic acidosis in OMCD. These results taken
together, it may be summarized that the acidification of OMCD
primarily responds to acute peritubular pH and that chronic
effect of peritubular pH (memory effect) is small. However, our
results do not preclude the possibility that the chronic effect of
acidosis losts immediately in the condition of in vitro perfusion.
The pH of CCD also slightly decreased with peritubular
acidification, but EH became more negative in all groups. This
maladaptive shift of EH is puzzling. This shift does not neces-
sarily mean that HC03 secretion was stimulated by bath pH
reduction, but merely means that pH did not shift to the same
extent as bath pH did. As an acid pH gradient was not
generated even in the acid bath, the contribution of CCD to
urinary acidification is small. Recently, Breyer, Kokko and
Jacobson [35] reported that HC03 reduction increased HC03
absorption to in vitro perfused rabbit CCD. This result may be
consistent with our result. In our study pH fell from 7.71 to
7.43 on bath HC03 reduction, and if the changes was mea-
sured as HCO3 flux, a stimulation of HC03 absorption would
have been shown.
IMCD did not generate pH gradient in control bath pH. When
the bath pH was reduced, pH decreased to the same extent as
bath pH reduced. Thus, IMCD did not generate pH gradient in
the acid bath either. This observation strengthens the view that
a contribution of IMCD to the rabbit distal acidification is small.
This again contrasts with the study of the rat kidney [18] which
showed that the tubular fluid pH was more acidic in acid—loaded
animals than in normal ones.
Role of each collecting duct seg,nent in distal acidification
As the result of above discussion, we can summarize the role
of each collecting duct segment in the distal acidification.
Before such summary, one point of caution should be empha-
sized. Our observations were made in the rabbit, and the rabbit
usually secretes an alkaline urine. We should be cautious in the
extrapolation of our results to other mammals which normally
secrete an acid urine.
CCD may play a unique role in distal acidification. CCD
usually did not generate an acid pH gradient even if the bath pH
was acutely reduced. CCD generated a moderate pH gradient
when chronic metabolic acidosis was induced. Thus, the con-
tribution of CCD to the pH gradient generation is relatively
small, and its ability is modulated by chronic acid—base status,
and is not stimulated by acute acid—base change. The regulated
secretion of HC03 may be the most important role of the
CCD.
OMCD plays a critical role in the pH gradient generation. The
comparison of urine pH and pH of OMCD is of interest. In
starved rabbits, urine pH was 5.22 and pH value of OMCD in
the acid bath was 5.41, implying that most of the pH gradient is
generated in OMCD. The ability of pH gradient generation of
OMCD does not respond to chronic acid—base status, and does
respond to acute acid—base change.
In the present study, the role of IMCD was not made clear.
Appreciable pH gradient was not observed in our experimental
conditions. We speculate that the role of IMCD is just to
maintain the pH gradient which is generated in OMCD in the
rabbit.
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